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The exclusive photoproduction of the J/ψ state is investigated in peripheral AA collisions for the
energies available at the LHC,
√
s = 2.76 TeV and
√
s = 5.02 TeV. In order to evaluate the robustness
of the light-cone color dipole formalism, previously tested in the ultraperipheral regime, the rapidity
distribution and the nuclear modification factor (RAA) were calculated for three centrality classes:
30%-50%, 50%-70% and 70%-90%. In the peripheral regime, three scenarios were considered. In the
scenario 1, a similar formalism adopted in the UPC regime is used; in the scenario 2, one considers
that only the spectators in the target are the ones that interact coherently with the photon; in the
scenario 3, the photonuclear cross section is modified using the same geometrical constraints applyed
in the scenario 2. The results obtained from the three scenarios were compared with the ALICE
measurements (only J/ψ at the moment), showing a better agreement in the more complete approach
(scenario 3), mainly in the more central regions (30%-50% and 50%-70%) where the incertainty is
smaller.
PACS numbers: 12.38.Bx; 13.60.Hb
I. INTRODUCTION
The ALICE collaboration measured the J/ψ hadropro-
duction in peripheral collisions Pb-Pb, with
√
s = 2.76
TeV, revealing an excess in the production of the meson
in very small transverse momentum (pT < 0.3 GeV/c)
in the range rapidity 2.5 < y < 4.0 [1]. This excess was
quantified by the nuclear modification factor, RAA, which
reaches the values 7 (2) in the centrality classes 70%-
90% (50%-70%) within the rapidity range 2.5 < y < 4.0.
Considering the J/ψ excess could be generated from
exclusive photoproduction, the nuclear photoproduction
of the J/ψ was calculated in peripheral collisions from
the factorization adopted in the ultraperipheral collisions
(UPC), with cross section separated in two factors: the
equivalent photon flux, N (ω, b), and the photonuclear
cross section, σγA→V A. In our approach, the peripheral
regime is analysed considering three scenarios: in the sce-
nario 1 is applyed a photon flux with b-dependence and
a more realistic electromagnetic form factor is used; in
the scenario 2 a geometrical cut is applyed in the photon
flux ensuring that only the spectators in the target will
interact coherently with the photon; in scenario 3, for
completeness, the restriction adopted in the scenario 2 is
extended on the photonuclear cross section. Using these
three scenarios, the rapidity distribution and the nuclear
modification factor, RAA, were estimated for 30%-50%,
50%-70% and 70%-90% centrality classes.
To calculate the RAA, it was adopted the expression
developed in [2],
R
hJ/ψ
AA =
N
J/ψ
AA
BRJ/ψ→l+l− ·Nevents · (A× ε)J/ψAA · 〈TAA〉 · σhJ/ψpp
, (1)
where the measured number of J/ψ (N
J/ψ
AA ) is corrected
for acceptance and efficiency (A× ε)J/ψAA ∼ 11.31% and
branching ratio BRJ/ψ→µ+µ− = 5.96%. Then, the result
is normalized to the equivalent number of MB events
(Nevents ' 10.6 × 107), defined in [2], average nuclear
overlap function (〈TAA〉), calculated from [3], and proton-
proton inclusive J/ψ production cross section (σ
hJ/ψ
pp ∼
0.0514 µb), calculated from a parametrization detailed in
[1].
It is not possible to measure the individual contribu-
tion of each mechanisms of production (hadroproduction
and photoproduction) in the kinematical regime of the in-
terest. Therefore, the number of the J/ψ events showed
in (1) was separated in two terms
N
J/ψ
AA = N
hJ/ψ
AA︸ ︷︷ ︸
hadro
+N
γJ/ψ
AA︸ ︷︷ ︸
photo
. (2)
Considering the central data and the hypothesis shown
in the ALICE paper [1], it is possible to write the number
of the J/ψ events as a function of the average rapidity
distribution as [4]
N
J/ψ
AA =

1.96× 106 dσγJ/ψ/dy, 30%− 50%
1.34× 106 dσγJ/ψ/dy, 50%− 70%
0.96× 106 dσγJ/ψ/dy, 70%− 90%
where dσγJ/ψ/dy, evaluated in the 2.5 < y < 4.0 rapidity
range.
II. THEORETICAL FRAMEWORK
In the ultrarelativistic limit, the differential cross sec-
tion in the rapidity y and impact parameter b, is given
by [5]
d3σAA→AAV
d2bdy
= ωN(ω, b)σγA→V A + (y → −y) . (3)
where N(ω, b) is a photon flux with b-dependence,
σγA→V A is the photonuclear cross section, which char-
acterizes the photon-target interaction γA → V A, ω =
1
2MV exp(y) is the photon energy and MV is the meson
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2mass. In the peripheral collisions (b < 2RA), the use of
the different eletromagnetic form factor, F (k2), becomes
relevant and, therefore, the following generic formula was
adopted for the photon flux[6]
N (ω, b) =
Z2αQED
pi2ω
∣∣∣∣∣
∫ ∞
0
dk⊥k2⊥
F
(
k2
)
k2
J1 (bk⊥)
∣∣∣∣∣
2
,(4)
where Z is the nuclear charge, γ =
√
sNN/(2mproton) is
the Lorentz factor, k⊥ is the transverse momentum of the
photon and k2 = (ω/γ)
2
+k2⊥. A good approximation for
the lead nucleus form factor is shown in [7], in which the
Woods-Saxon distribution is rewritten as a hard sphere,
with radius RA, convoluted with an Yukawa potential
with range a = 7 fm. The Fourier transform of this
convolution result in
F (k) =
4piρ0
Ak3
[sin (kRA)− kRAcos (kRA)]
[
1
1 + a2k2
]
, (5)
where A is the mass number, a = 0.7 fm and ρ0 =
0.1385 fm−3.
The second factor in (3), σγA→V A, represents the
photon-nuclei interaction and can be described in the
light cone colour dipole formalism, which includes the
partonic saturation phenomenon and the nuclear shad-
owing effects [8]. The formalism has already been ex-
plored in the last works [9] in pp, pA and AA collisions.
In the last case, the coherent photonuclear cross section
of a vector meson V can be factorized as
σ(γA→V A) =
dσ
dt
∣∣∣∣
t=0
∫ ∞
tmin
|F (t)|2dt (6)
where the forward scattering amplitude, dσ/dt|t=0 =
|Im A(x, t = 0)|2/16pi, carries the dynamical information
of the process and the form factor, F (t), represents the
dependence on the spatial characteristics of the target.
On the Eq. (6) are also included the parameter
β = tan (piλeff/2), which restores the real contri-
bution of the scattering amplitude, and R2g(λeff ) =
(22λeff+3/
√
pi)[Γ(λeff + 5/2)/Γ(λeff + 4)], which corre-
sponds to the ratio of off-forward to forward gluon dis-
tribution (skewedness effect) relevant for heavy mesons.
The parameter λeff can be estimated from relation
λeff ≡ ∂ln[Im A(x, t = 0)]/[∂ln(1/x)]. Thus, the Eq.
(6) is rewritten as
σ(γA→V A) =
|Im A(x, t = 0)|2
16pi
(
1 + β2(λeff )
)
R2g(λeff )
×
∫ ∞
tmin
|F (t)|2dt, (7)
where x = (M2V + Q
2)/(Q2 + 2ω
√
s) with Q ∼ 0 for
nucleus and tmin = (m
2
V /2ωγ)
2. In the color dipole for-
malism, the photon-nuclei forward scattering amplitude
is factorized in the overlap between the photon and the
vector meson wave functions, and in the dipole-nuclei
cross section as
Im A(x, t = 0) =
∫
d2r
∫
dz
4pi
(ψ∗V ψγ)T σ
nucleus
dip (x, r).(8)
where (ψ∗V ψγ)T is described with more detail in [10], and
σnucleusdip (x, r) is obtained using the Glauber-Gribov pic-
ture [11, 12], as proposed in [13]
σnucleusdip (x, r) = 2
∫
d2b′
{
1− exp
[
− 12TA(b′)σprotondip (x, r)
]}
.(9)
In the Eq. (9), TA(b) is the nuclear overlap function and
σdip is the dipole-nucleon cross section, which was cal-
culated in this work using the GBW and CGC dipole
models. These two models shown a good agreement with
the data in the ultraperipheral regime [9]. The applica-
tion of the equations (4) and (7) inside of (3) constitutes
what we named the scenario 1, which produces the first
results presented in Table I.
III. THE EFFECTIVE PHOTON FLUX
In order to refine our calculations, an effective photon
flux was built as a function of usual photon flux (eq. 4)
following a similar procedure showed in [5] where consid-
ered two hypothesis: (1) only the photons that reach the
geometrical region of the nuclear target will be considered
and (2) the photons that reach the overlap region will be
neglected. Then, the new photon flux can be expressed
as [14]
Neff (ω, b) =
∫
Nusual(ω, b1)
θ(b1−RA)θ(RA−b2)
Aeff (b)
d2b2 (10)
where the effective interaction area, Aeff (b), is given by
Aeff (b) = R
2
A
[
pi − 2cos−1
(
b
2RA
)]
+ b2
√
4R2A − b2,
(11)
In the Figure 1, the usual photon flux is compared
with the effective photon flux for energy of the pho-
ton ω = 0.01 GeV and ω = 1 GeV (the photon flux
is dominated by photons with energy <∼ 0.2 GeV). As
expected, both models become similar as b→∞. In the
range 4 fm <∼ b <∼ 11 fm, the usual photon flux is bigger
than the effective photon flux, mainly on the threshold
b ∼ RA ∼ 7. Lastly, the usual photon flux diverges con-
siderably from the effective photon flux as b→ 0.
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FIG. 1: Comparison between the usual and effective pho-
ton flux for the ω = 0.01 GeV and ω = 1 GeV at√
s = 2.76 TeV.
3Considering the effective photon flux (Eq. (10)) and
the photonuclear cross section (7), the rapidity distri-
bution for J/ψ photonuclear production was calculated
in Pb-Pb collisions at
√
s = 2.76 TeV (Fig. 2) and√
s = 5.02 TeV (Fig. 3)for y < |4.0|. For each central-
ity class there is some difference in the |y| >∼ 1.0 range
but, in general, the curves showed a similar behavior in
relation to dipole models used. Moreover, analysing the
different centrality classes, it was observed an increase
of ∼ 12% from 70%-90% to 50%-70% and of ∼ 13.7%
from 50%-70% to 30%-50%, for both dipole models, at
y = 0. Similarly, at
√
s = 5.02 TeV, it was observed an
increase of the ∼ 12% from 70%-90% to 50%-70% and ∼
13.3% from 50%-70% to 30%-50% at y = 0. Therefore,
in the central region, the relative variation between the
different centrality classes is not sensitive to the increase
of the energy.
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FIG. 2: Rapidity distribution for J/ψ nuclear
photoproduction at
√
s = 2.76 TeV for different
centrality classes using the GBW and CGC dipole
models.
The ratio dσ
5.02
dy /
dσ2.76
dy was also investigated. An in-
crease of approximately 30% in the central rapidity re-
gion |y| < 1.5 was observed for the three centrality classes
analyzed. However, this ratio is of the 60% for the same
rapidity region in the UPC. Therefore, in this formal-
ism the effective photon flux seems less sensitive with
the variation of the energy in comparison with the usual
photon flux.
IV. THE EFFECTIVE PHOTONUCLEAR
CROSS SECTION
To ensure more consistence in the application of the
effective photon flux, the photonuclear cross section also
needs to be limited in accordance with the geometrical
constraints adopted in the construction of the effective
photon flux, in order to consider only the interaction of
the photon with the non-overlap region. This is achieved
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FIG. 3: Rapidity distribution for J/ψ nuclear
photoproduction at
√
s = 5.02 TeV for different
centrality classes using the GBW and CGC dipole
models.
by applying the Θ (b1 −RA) function into Eq. (9), which
produces
σnucleusdip (x, r) = 2
∫
d2b2Θ(b1 −RA)
×
{
1− exp
[
− 12TA(b2)σprotondip (x, r)
]}
(12)
where, b21 = b
2+b22+2bb2cos(α). Considering the effective
photon flux and photonuclear cross section, the rapidity
distribution was calculated and its results for the three
centrality classes (scenario 3) are shown in the Table (I).
V. MAIN RESULTS
The results of the average rapidity distribution for the
three scenarios described in the text are shown in the
Table (I), where were taken into account the GBW and
CGC dipole models.
Average Rapidity Distribution: dσ/dy
GBW/CGC 30%-50% 50%-70% 70%-90%
Scenario 1 200/170 100/84 60/51
Scenario 2 128/107 98/80 80/67
Scenario 3 73/61 78/66 75/63
ALICE data 73± 44+26−27 ± 10 58± 16+8−10 ± 8 59± 11+7−10 ± 8
TABLE I: Comparison between our results obtained from
different approximations and the ALICE data [1].
It is observed that in the simplest approach (scenario
1), there is a good agreement with the ALICE data in
the more peripheral region where the b-dependence is
more weak. For the more central regions, the scenario
2 and scenario 3 are more suitable although both over-
estimate the central value of the ALICE in the 70%-
490% region. In particular, the scenario 3 one has the
largest production cross section in the 50-70% central-
ity class. This is due the dipole-nuclear cross section,
which is b-dependent through the TA(b) function, to be
more strongly suppressed in more central collisions. Con-
sequently, the 30%-50% centrality class is more affected
than the 50%-70% region.
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FIG. 4: Comparison of the RAA results with the ALICE
data for the centrality classes 30%-50%, 50%-70% e 70%-
90% [1].
In addition to rapidity distribution, the excess of the
J/ψ also was quantified by nuclear modification factor,
experimentally defined by Eq. (1), and calculated from
the results presented in the Table (I). Adopting the CGC
model, which shows slightly better results than GBW
model, the RAA was calculated for the three scenarios
investigated and its results are compared with the AL-
ICE data, Fig. 4. Similarly to rapidity distribution, the
scenario 1 show better agreement in the more peripheral
region while the scenarios 2 and 3 are more suitable for
more central collisions where the b-dependence is more
relevant. More details about each scenario can be found
in [4].
VI. SUMMARY
In this work, the estimates for the rapidity distribu-
tion and nuclear modification factor were presented for
the J/Ψ production in the centrality classes 30%-50%,
50%-70% and 70%-90%. The ALICE measurements were
compared with our estimates, obtained from three differ-
ent approaches. In the simplest approach (scenario 1),
better aggrement was obtained with the data only in the
more peripheral region, where there is a considerable un-
certainty. For the more consistent approach (scenario
3), the result overestimate in the more peripheral region,
however, it agrees better with the data in more central re-
gion, where the color dipole formalism is more intensely
tested. Although it is not yet possible to confirm that
the exclusive photoproduction is fully responsible for the
J/ψ excess observed in ALICE, there are indications that
it produces a considerable part of the effect.
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